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Preface  
This report is the final product of a 30 ECTS credits Master Thesis and carried out on the 

study line Transport and Logistics at the Department of Management Engineering, 

Technical University of Den mark (DTU).  

The project began August 1st, 2019, with hand-in at January 17th, 2020, and has to be 

finished with an oral defence January 28th, 2020. 

 

The report is divide d into several chapters, where the first chapter consists of the 

introduction to the report.  The second chapter introduces the current state of the S-train 

network and the remaining public transport network in the Greater Copenhagen Area. 

The third  chapter evaluates the need for a new S-train tunnel  and this analysis is written 

on the basis of an evaluation of the capacity consumption, delays and population 

development. 

 

Chapter 4, 5 and 6 describe the theory and methodology behind timetabling of S-trains in 

RailSys and public transport  models. Chapter 7 introduces the socio-economic analysis 

which is conducted for the two scenarios in the project.  

 

The report is ended with a discussion which discusses the theory, methodology and the 

results. It also describes other possible ways to analyse more scenarios for the 

development of the S-train network. Finally, the report is terminated with a conclusion on  

the empirical findings and results and concludes how the project can be further extended. 

 

A list of abbreviations and quantities for formulas is presen ted in the beginning of the 

report. In the end, a reference list and a list of figures presents an overview of the relevant 

literature and an overview of the presented figure s in the report. 

 

 

 

 

Frederik Wrona Holgersen  

 

Kongens Lyngby, January 17th, 2020 
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Abstract  
This report investigates an implementation and an analysis of an extension of the S-train 

network in the Greater Copenhagen Area. The extension is implemented as a tunnel in the 

central parts of Copenhagen from the stations Emdrup and Hellerup in the northern parts  

of Copenhagen to the stations Valby and Ny Ellebjerg in the southern parts and is 

throughout the report named the Express Tunnel. The name refers to its main purposes 

which are to implement an alternative tunnel in Copenhagen for the S -trains and to reduce 

the travel time in the public transport.  

 

The report is introduced with a description of the different public transport modes  and 

their design and main functions. Since the report investigates S-trains, this transport mode 

is explained in more details. The report also introduces upcoming projects as extensions to 

the existing network and the primary resource for this introduction and selection is the 

×ÓÈÕɯɁ3ÙÈÍÐÒ×ÓÈÕɯƖƔƗƖɂɯÉàɯÛÏÌɯ#ÈÕÐÚÏɯ3ÙÈÕÚ×ÖÙÛȮɯ"ÖÕÚÛÙÜÊÛÐÖÕɯÈÕËɯ'ÖÜÚÐÕÎɯ ÎÌÕÊàȭɯ

Projects, which are not mentioned in the report about Trafikplan 2032 are not included in 

ÛÏÐÚɯ×ÙÖÑÌÊÛɀÚɯÈÕÈÓàÚÐÚȭ 

 

Calculations of the capacity consumption on lines in the S-train network illustrate that the 

capacity consumption in the central part of the network will be reduced in the future as a 

benefit from the new signalling system CBTC. Therefore, it will be possible to run more 

trains through Copenhagen in the future which is also a demand from an increased 

population in the municipalities in the suburbs. However, approximat ely 38% of all delays 

and cancellations in the network are caused by an incident in the central part and a major 

part of the delays are not caused by signalling and interlocking failures only. On the basis 

of these statistics, it is considered that a new tunnel and is able to reduce the travel time 

and an alternative to the Boulevard Tunnel . 

The Express Tunnel is analysed in two scenarios where the common stations are Forum 

and Vibenshus Runddel. The difference between Scenario 1 and Scenario 2 is an additional 

station at Rigshospitalet which extends the travel time through the new tunnel.  

 

With a view to reduce the travel time significantly between the radial lines in the S -train 

network , the existing fast lines in the network, Bx, E and H, are operated via the new 

tunnel and the stopping train lines, A, B, and C via the Boulevard Tunnel . Line Bx is 

changed to K and operates every 10 minutes and a new line, line L, is introduced as a 

supplement via the Boulevard Tunnel . Since the skip-stop-service on the radial lines is 

kept, it is not possible to raise the maximum number of trains through the central parts of 

Copenhagen from 30 per hour today to 42. 

 

The extended S-train network leads to significant travel time reductio ns between the 

radial lines up to 14 mi nutes depending on direction and origin and destination. 
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Furthermore, the travel time to and from Nørreport Station  as well as the metro lines are 

also reduced from the radial lines.  

With the new tunnel and new timetable, including an increased level of se rvice on the 

radial lines, an increase in the number of passengers is expected from the radial lines by 

more than 25% on some lines. On the other hand, the number of passengers on Ringbanen 

and the Boulevard Tunnel  is decreased significantly with reduction s by more than 25%. 

 

On the basis of the socio-economic analysis it is concluded that whether Scenario 1 nor 

Scenario 2 is socio-economically  profitable with an internal rate of return by 0.9% and 1.4% 

respectively. However, profitability for Scenario 2 is  still higher than for Scenario 1 despite 

the higher construction costs. It is therefore suggested that a higher utilisation of the 

infrastructure in both tunnels in Copenhagen should be carried out to improve the travel 

time savings and the profitability.  

Finally, the report recommends that more analyses of the Express Tunnel and of the S-

train network in general should be conducted before decision of the construction. It is 

recommended that an analysis of a metro-style operation vs. the current operation has to 

be carried out and evaluated as well as an additional analysis of the new tunnel in OTM. 

Likewise, a simulation in RailSys is also preferred to investigate how a higher utilisation of 

the infrastructure including new lines and existing statio ns affects the punctuality.  
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Abbreviations  
The following tables give an overview of used abbreviations and physical quantities in the 

report.  

 

 

Abbreviation  Term 

AADT  Annual Average Daily Traffic  

AAWT  Annual Average Weekday Traffic  

CBA Cost-benefit-analysis 

CBTC Communication Based Train Control  

GIS Geographical Informaion System 

HKT  HastighedsKontrol og Togstop  

UIC Union Internationale de Chemin de fer ɬ The International Union of 

Railways. 

SA/SE Class name for DSB S-train units (8 cars/4 cars) 

LTM  National Transport Model (Danish: Landstrafikmodellen) 

TERESA Transportministeriets Regnearksmodel for Samfundsøkonomisk 

Analyse for transportområdet  

Station abbreviation  Station  name 

Ba Ballerup 

Bud Buddinge 

Dbt Dybbølsbro 

Fm Farum 

Fs Frederikssund 

Gl Glostrup  

Hi  Hillerød  

Hl  Hellerup  

Hot  Holte  

Htå Høje Taastrup 

Kh København H (Copenhagen Central Station) 

Kj Køge 

Kk Østerport  

Kl  Klampenborg  

Kn Nørreport  

Sam Svanemøllen 

Sjæ Sjælør 

Nel  Ny Ellebjerg  

Und  Hundige  
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Definition : 

A station in parentheses indicates that a line is exclusive this station. Example: 

(Svanemøllen)-Hellerup -Hillerød indicates th at a specific statement concerns the line from 

Svanemøllen to Hellerup and Hillerød (including both stations) and not Svanemøllen 

itself. 

 

 

 

Val Valby  

Åm  Åmarken  

Cbn Carlsberg Nord  

For Forum 

Hls Hellerup Syd  

Rih Rigshospitalet 

Vhr  Vibenshus Runddel 

Quantities  Term Unit  

vmax Maximum speed (theoretical)  m/s 

V Speed [km/h] km/h  

C Braking percentage  

c Braking ratio   

tb,a Braking reaction time  s 

K Capacity consumption  % 

k Total consumption time  min  

U Time window  min  

CBA quantity  Term Unit  

Bt Benefit flow in the year t M.DKK.  

Ct Cost flow in the year t M.DKK  

C0 Construction costs M.DKK  

Cpub Public expenditures  M.DKK  

i Internal rate of return from equation  % 

r Discount rate % 

ST Scrap value M.DKK  

t Specific year in the calculation period 0-50 

T Calculation period  Years 

IRR Internal rate of return  % 

NPV  Net present value M.DKK.  
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1 Introduction  
Today, the public transport network in the capital region in Denmark consists of several 

different public transport operators  and transport modes. The S-train network and the 

network of regional trains and long -distance trains are operated by DSB, the metro 

network is operated by Metroselskabet, the network of bus lines is planned by Movia and 

operated by different operators and, finally, the local train network in Northern Zealand 

and from Køge towards Faxe Ladeplads and Rødvig is operated by Lokaltog.  

This report illustrates and explains all the different parts of the current public transport 

network in the entire region. However, the main focus is on the S -train network, since the 

topic of this project covers an extension of the S-train network.  

 

The report introduces the S-train network including the current lines and upcoming 

projects as well as the rolling stock. The rolling stock, the DSB class SA/SE, is the primary 

rolling stock and running times and timetables in this project will be calculated based on 

this type of rolling stock since the properties of future rolling stock are uncertain.  

 

Furthermore, the report makes the case that some radial lines in the S-train network have 

an untapped capacity potential. The only exceptions are the lines Dybbølsbro-Hundige 

and Hellerup -Holte at which the skip -stop-service almost utilise s the capacity completely . 

In the future, it might be possible to operate more trains through the congested central 

part from Dybbølsbro to Svanemøll en since the new signalling system CBTC reduces the 

theoretical headway. However, since the report demonstrates that an impact in the central 

part causes many delays in the entire network, it might  be beneficial to investigate an 

alternative to the current  central part. The report proposes an alternative tunnel to 

potentially improve the travel times and the reliability in the network.  

 

On the basis of a new so-called Express Tunnel, the report investigates the benefits in the 

entire network. The S-train network is completely changed compared to the current 

timetable S20 as the basis, since the fast lines on the radial lines will be operated through 

the Express Tunnel and the stopping lines via the existing tunnel. The final product will be  

a timetable for all lines in the new network which is changed with two different scenarios 

for the Express Tunnel as well as an upgrade of the depot track at Åmarken Station for 

reversing trains. Moreover, the capacity consumption on all lines is also presented after 

the change. 

 

The new timetable and the profitability in constructing the new tunnel will also be 

analysed and evaluated. The assignment model in the National Transport Model (LTM) 

will be carried out and be based on the timetable for the two timetable scenarios. The final 

product from this investigation will then be to analyse the passenger flows in the public 

transport network in the Greater Copenhagen Area and to evaluate on the changes. 
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Finally, the results from LTM are applied in the excel sheet TERESA for carrying -out a 

socio-economic analysis of the profitability. Furthermore, the strategical benefits and 

disadvantages will also be further commented.  

 

Chapter 2 introduces the network of public transport in the capital region. The  primary 

focus is the S-train network and this transport mode is introduced in more details. 

However, the other transport modes on railways - the metro, regional trains, local trains 

and light rail ɬ are also introduced and elaborated, whereas buses only are mentioned 

briefly. Chapter 3 evaluates the need for a new alternative tunnel for the S-trains as well as 

an introduction for the two alternative alignments for the Express Tunnel. The explanation 

for the need is based on capacity consumption, travel ti mes and data about incidents on 

the central part of the network.  

 

In chapter 4, the theory and methodology behind running time calculations and 

timetabling is introduced in a detailed way. Furthermore,  this chapter also introduces the 

timetabling - and simulation program RailSys, and this introduction mentions the 

functions and tools which have been applied to create new timetables for the S-trains. 

Moreover, the signalling system CBTC is also explained. 

The timetabling procedure and method are covered in chapter 5. This procedure is based 

on a list with conditions for the process. It also explains the changes of the basic model in 

RailSys, since the Express Tunnel is digitalised into it.  

 

Chapter 6 introduces the National Transport Model and the public assignment model. It 

also explains how the two scenarios for the Express Tunnel are modelled in LTM and how 

the existing network of public transport w ill be connected to it. 

The main results from LTM are applied to the socio -economic analysis, which is 

introduced and explained in chapter 7. 

The empirical findings and main results from the project are discussed in chapter 8 which 

also puts the results into perspective to other future projects. Finally, chapter 9 covers the 

conclusion for the report.  

 

In the end, the report introduces appendices concerning an overview of th e scenarios in 

the project. The appendices illustrate schematic drawings of the S-train infrastructure, 

public timetable for the S-train lines in the scenarios, differential maps from the route 

choice calculations and finally passenger loads in the network in the scenarios. 

 

1.1 Problem  statement  and learning objectives  
The following problem statement applies to the master thesis and its objective: 
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¶ It will be investigated if the implementation of an Express Tunnel will result in a 

passenger increase and a reduction in travel time for the existing passengers in the 

public transport network in the Greater Copenhagen Area, and if the tunnel is 

profitable in a socio-economic analysis. 

 

In order to answer the problem statement, the following project objectives are formulated:  
 

1) Describe the design of the current public transport network and present upcoming 

infrastructure extensions in Copenhagen and in the capital region  

 

2) Analyse the current train service and capacity consumption in the S-train network 

and evaluate the need for an extension of the infrastructure  

 

3) Formulate scenarios for the S-train network with the new Express Tunnel  

 

4) Apply RailSys to model the Express Tunnel and to determine running times with 

the scenarios and classify advantages and disadvantages with these  

 

5) Explain the structure in a transport  model and apply the Express Tunnel and the 

scenarios and results from RailSys to it  

 

6) Analyse and evaluate the results from a transport model and apply them to a socio-

economic analysis 

 

7) Evaluate the profi tability of the project together with sensitivity analyses and 

formulate a conclusion on the project as a basis for decision making  

2 The network of public transport  
This chapter introduces the current network of public transport in the Greater 

Copenhagen Area. Afterwards, the future planned upgrades and extensions of the public 

transport network are introduced and determined if these should be included the 

analyses. 

In this chapter the public transport network is  divided up into S -trains, metro, railway 

lines (regional trains and local train lines) and buses. The main focus throughout the  

report will be on the S-trains since the topic involves this transport mode. However, the 

other transport modes are mentioned and defined since these are included in the analysis. 
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2.1 Method  
Since the chapter has to introduce and investigate the current and upcoming network of 

public transport in the Greater Copenhagen Area it is necessary to determine the number 

of stops and lines on a basis year. For this purpose, the year 2020 has been selected as the 

basis year and the current network of public transport as well as the lines and stops, 

timetables and headways are based on this year. It means that upcoming extensions of the 

network as well as new timetables are not included dir ectly in this introduction,  but these 

will be elaborated afterwards in the evaluation for new public transport lines.  

Since the public transport network in the assignment model is based on the National 

Transport Model, the existing and future public transp ort network in the entire country 

are included. However, this project investigates only the Greater Copenhagen Area and 

adjacent networks to it in the capital region  and it has therefore been decided to include 

the public transport network from this area i n the description.  

 

The project is primarily base d on the S-train network  and it means that this public 

transport mode will be elaborated in a more detailed way than other transport modes. It is 

chosen to do so, since the running time calculations and further analyses in this project are 

based on an extension of the S-train network and not for other transport modes.  

It is determined to base the rolling stock for the S-train network on the current S -train fleet 

of 4th generation S-trains. In the future after  the completion of this project, the S-train 

network might  undergo a transition from the current S -train network to a new driverless 

public transport system with a need for new r olling stock (DSB, 2019). During this project, 

however, the technical specifications of new rolling stock are not published which means 

that it is not possible to determine other requirements and properties for rolling stock than 

already specified. Therefore, it is assumed in this project that the existing rolling stock in 

the S-train network will cover the new extended network.  

Furthermore, this project will not cover the current and future rolling stock for other 

transport modes, since no analyses and calculations will be conducted on other types of 

rolling stock than the S-train units. Instead, the running times and headways for these 

transport modes will only be ba sed on the timetables for the route choice calculations. 

 

In the year 2019 the new metro line, Cityringen, as well as the new high -speed line 

between Copenhagen and Ringsted with the new station  Køge Nord have been opened to 

the public . The maps, which show the geographical network of the transport modes, are 

generated in the GIS-software ArcMap. For this purpose, data with the  alignments for the 

transport network were already digitalised in GIS from the course Public Transport 

Planning in 2015. However, this digital transport network is slightly modified, since 

Enghave Station was replaced by Carlsberg Station in 2016, some stations on Cityringen 

got other names than specified at that time, and the new line from Copenhagen to 

Ringsted via Køge Nord Station w as opened to the public in 2019. Furthermore, the 
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alignment for the upcoming light rail line in Ring 3 is also changed to a new alignment 

within the  campus area in DTU Lyngby Campus and the upcoming metro line, 

Sydhavnsmetroen, is also digitalised into this public transport network.  The new line from 

Copenhagen to Ringsted as well as Sydhavnsmetroen are drawn in GIS upon base maps 

showing t he alignments. 

For simplicity, one specific transport mode at a time is presented throughout the chapter 

with a specific map showing the specified network. These maps are only illustrations for 

the public transport network and the analyses based in the assignment  model are not 

based on this data but on specific data in LTM . 

 

The technical specifications of the current fleet of S-train units are based on the course 

Railway Operations and Management from 2018. In this course, technical specifications of 

diffe rent kinds of Danish rolling stock w ere a part of the curriculum. However, these 

specifications are not used directly in simple timetable - and running time calculations, but 

they are applied to the timetable software RailSys, in which the timetable scenarios for this 

project have been conducted. 

 

When it comes to the introduction of new planned extensions of the public transport 

network, different reports and presentations about new lines and new stations and stops 

have been investigated. The primary resour ce for considering new planned extensions of 

ÛÏÌɯÙÈÐÓÞÈàɯÈÕËɯÓÐÎÏÛɯÙÈÐÓɯÕÌÛÞÖÙÒɯÐÚɯÛÏÌɯÙÌ×ÖÙÛɯɁTrafikplan for den statslige jernbane 2017-

2032ɂɯÉàɯÛÏÌɯ#ÈÕÐÚÏɯ3ÙÈÕÚ×ÖÙÛȮɯ"ÖÕÚÛÙÜÊÛÐÖÕɯÈÕËɯ'ÖÜÚÐÕÎɯ ÎÌÕÊàɯÍÙÖÔɯƖƔƕƛȭɯ(ÕɯÛÏÐÚɯ

report, the planned extensions and timetables for the government-owned railway network 

in Denmark are listed  as traffic plans for the basis years 2022, 2027 and 2032. Projects in 

the capital region, which are mentioned in this report  and included in the National 

Transport Model (LTM) , are assumed to be adopted and implemented. 

Other projects, which also are listed as considerations in this report, are at the current 

moment only proposals which means that they are not completely adopted. This is the 

case for e.g. the new stations in the S-train network Priorparken and Trylleskoven and in 

order to determine if such projects with new stations should be included in the analysis, 

ÛÏÐÚɯËÌÊÐÚÐÖÕɯÐÚɯÉÈÚÌËɯÖÕɯÛÏÌɯÙÌ×ÖÙÛɯɁOptimering af stationsstrukturenɂɯÉàɯÛÏÌɯ#ÈÕÐÚh 

Transport, Construction and Housin g Authority  from 2014. In this report, future stations 

on different railway lines in the capital region as well as in other parts of Denmark are 

listed and determined, if the authority would recommend the stations or not. However, 

the new stations Vinge and Favrholm are either already under construction or adopted by 

law, and such stations are applied to the timetable for the S-trains in this project.  

Another case is the construction of new metro lines, railway lines or light rail lines. If the 

construction  act for these projects is adopted, these projects will also be included in the 

analysis. If the projects still undergo a discussion regarding alignment and stops, they are 

not included in the analysis since the uncertainty about their alignment and statio ns is too 



 

 

 
Master Thesis 2020 

 

  

17 

high and, therefore, the model results could have a risk of not being accurate compared to 

the situation today.  

2.2 S-trains  
The main transport mode for this project is the S-train  network which consists of the 

following lines (Larsen & Poulsen, 2009): 

¶ Klampenborg -Vanløse-Frederiksberg was opened in 1934. Vanløse-Frederiksberg 

was replaced by the metro in 2000-2003, and the line from Flintholm was extended 

to Ny Ellebjerg in 2006. Today, the line Hellerup -Ny Ellebjerg is called Ringbanen 

¶ Valby-Copenhagen Central-Station-Hellerup was opened in 1934. Extended to 

Holte in 1936 and to Hillerød 1968 

¶ Valby-Vanløse was opened in 1941. This line was extended to Ballerup in 1949 and 

further to Frederikssund in 1989. Double-track to Frederikssund was finished in 

2002 

¶ Valby-Glostrup from 1953. Extended to Taastrup in 1963 and to Høje Taastrup in 

1986 

¶ Svanemøllen-Farum from 1977 

¶ Dybbølsbro-Vallensbæk was opened in 1972. Extended to Hundige in 1976, to 

Solrød Strand in 1979 and finally to Køge in 1983  

 
Figure 1: Line diagram for the S -train network  in the timetable S20 . The diagram to the right illustrates all lines on 

weekdays in daytime  (DSB, 2019).  

Figure 1 illustrates the S-train network in the timetable S20 where the lines A, B, C and E 

have 10 min headway, while line F has a 5 min headway and line H a 20 min headway. 

Line Bx is a rush hour line with a 20 min headway. Dashed lines represent an extension of 

the lines with a train every 20 minutes.  
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The current network is , as mentioned, consisting of seven lines. In daytime  on weekdays, 

the lines have a headway of a train every 10 minutes unless another headway is specified. 

The seven lines are: 

¶ A: Hillerød -Hundige, extended to Solrød Strand every 20 min during peak hour s 

¶ B: Farum-Høje Taastrup 

¶ Bx: Farum-Høje Taastrup. Only every 20 minutes and only during peak hour s 

¶ C: Klampenborg-Ballerup. Extended to Frederikssund every 20 minutes 

¶ E: Holte-Køge 

¶ F: Hellerup -Ny Ellebjerg.  Every 5 minutes 

¶ H: Østerport -Frederikssund. Only every 20 minutes 

In weekends and Friday and Saturday nights, only the lines A, B, C and F are in operation 

and the network of lines is slightly changed.  

The current network with all existing s tations is illustrated in Figure 2 below. 

 
Figure 2: Current S-train network map based on daytime  operation  on weekdays from 2020-timetable ( S20). All 

current stations are illustrated  (DSB, 2019). Please note, that Vinge Station w ill  be opened later  in 2020. 

In evening hours as well as on weekdays and holidays, the timetable and network are 

changed and the number of lines is reduced, i.e. the lines Bx, E and H are not in operation 
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in weekends and in evening hours. Since this project investigates the normal operation in 

daytime  on weekdays, the other timetables and line maps are not investigated in detail.  

A  geographical overview map of the S-train network is illustrated in  Figure 3. 

 
Figure 3: Overview map of the S -train network. The location of the upcoming new stations Vinge and Favrholm are 

also illustrated.  

As observed in Figure 3, the network covers a major area of the capital region with long 

regional lines to other cities than Copenhagen and is more concentrated in the city area. 

It is also observed on the S-train map  that all lines except line F from the suburbs outside 

the central parts of Copenhagen are operated through the city centre via Østerport, 

Nørreport and Copenhagen Central  Station. Line F, which is called Ringbanen, runs from 

Hellerup to Ny Ellebjerg along the oldest line past Nørrebro. Thus, the design of the 

network with many radial lin es with the same origin, the central part Svanemøllen-
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Dybbølsbro, is the main characterisation of the S-train network 

in the capital region. Primarily, this design is a consequence 

from the former urban plan, Fingerplanen, ( the Finger Plan) ɬ 

illustrated in Figure 4, which was established in 1947 as the first 

urban plan in Denmark. This plan sketched the future 

development of the Greater Copenhagen Area and its 

surroundings as a hand with the central parts of Copenhagen 

as the palm and the new urban areas from the central parts and 

radial lines towards Køge, Roskilde, Frederikssund, Farum and 

Hillerød as fingers . The main public transport towards the new 

radials should be the S-trains and the old S-train lines were 

extended further into the radials when new towns and suburbs 

started to grow (Larsen & Poulsen, 2009). With this design, it 

should be possible to live in all suburbs around Copenhagen 

and have a direct line towards the city centre. 

2.2.1 Rolling stock  

The trainsets in the S-train network are operated by DSB. There are two types of trainsets: 

DSB Class SA and DSB Class SE with  identical specifications, except the SA trainset 

consists of 8 cars and the SE consists of 4 cars. Both trainsets are normally named 4th 

generation S-trainsets and the previous generations are not in operation anymore. The SA 

and SE can also be coupled together for operating with longer trains. Up to two SA units 

can be coupled and up to four SE can be coupled to one train, whereas it is also possible to 

couple one SA with one SE (Landex, Rail Traffic Engineering - Spring 2014, 2014). 

The specifications are given as follows in Table 1 (Landex, Rail Traffic Engineering - 

Spring 2014, 2014). 

 

 

 

 

DSB class SA/SE 

Length:  

83.72 m 

42.58 m 

 

No. Seats: 

312 

134 

Max. speed: 

120 km/h 

Start 

acceleration 

a0: 

1.2 m/s2 

No. Trainsets:  

104 

31 

Year: 

1997-2005 

Theoretical max . 

speed vmax: 

38.89 m/s 

Braking perce ntage C: 

175 

Braking ratio c: 

0.7 

Brake reaction 

time t ba: 

ǽɯƔɯÚ 

Table 1: Overview of S -trainset specifications. The number of trainsets in the fleet as well the number of seats are 

from (Nilsson, 2019). 

Figure 4: Illustration of the 

vision "Fingerplanen" from 

1947 (Gyldendal, 2013) . 
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For modern trainsets as the S-trains, the brake reaction time is very short and can be 

assumed to be equal to zero (Landex, Rail Traffic Engineering - Spring 2014, 2014). In this 

project, this will also be the case. 

 

In the future,  the existing fleet of S-trains might be replaced by a new generation of S-

trains with another set of specifications. However, no information about new rolling stock 

for the S-train network is given at the present moment. Consequently, the running t imes 

for the S-trains are in this project based on the existing fleet of S-trains and, furthermore, 

the upcoming rolling stock may have similar  technical specifications as the current 

trainsets. 

2.2.2 Infrastructure  

The infrastructure on the different lines in t he S-train network are managed by 

Banedanmark and separated into different TIB-lines with a specified number ( TIB stands 

for Ɂ3ÙÈÍÐÒÈÓɯInformation om BanestrækningenɂȺȭɯ3ÏÌÚÌɯÓÐÕÌÚɯÈÙÌȯ 

¶ 810: Copenhagen Central Station-Høje Taastrup 

¶ 820: Copenhagen Central Station-Hillerød  

¶ 830: Valby-Frederikssund 

¶ 840: Svanemøllen-Farum 

¶ 850: Copenhagen Central Station-Køge 

¶ 860: Hellerup -Klampenborg  

¶ 880: Ny Ellebjerg-Vigerslev-Hellerup  

 

The maximum speed limit on the lines is 120 km/h. However, lower speed limits may 

apply to  some lines: 

 

¶ 810: 

o Copenhagen Central Station-Valby: 90 km/h 

o Valby-Høje Taastrup: 120 km/h 

¶ 820: 

o Copenhagen Central Station-Østerport: 80 km/h  

o Østerport -Svanemøllen-Hellerup : 90 km/h 

o Hellerup -Lyngby: 120 km/h 

o Lyngby -Holte: 90 km/h  

o Holte -Hillerød: 120 km/h  

¶ 830: 

o Valby-Vanløse: 90 km/h 

o Vanløse-Frederikssund: 120 km/h 

¶ 840: 

o Svanemøllen-Buddinge: 90 km/h 

o Buddinge-Farum: 100 km/h 
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¶ 850: 

o Copenhagen Central Station-Skelbæk-Åmarken: 90 km/h ɬ 100 km/h 

o Åmarken -Køge: 120 km/h 

¶ 860: 100 km/h 

¶ 880: 90 km/h 

All S-train lines are double-tracked except only one part between Fiskebæk and Farum on 

the Farum radial line. Furthermore, the lines are electrified with 1,650 V DC contrary to 

the electrified lines for regional and intercity trains which are equipped with 25 kV 50 Hz 

AC. The system 1,650 V DC is therefore only implemented on the S-train network, 

whereas other DC systems in Denmark are for the metro and the light rail in Aarhus but 

with a lower voltage.  

 

Schematic drawings of the S-train infrastructure for all lines are illu strated in Appendix 1. 

One special case about the infrastructure is Hellerup Station. Due to its complexity, this 

station is drawn on a specific layout plan  and it is illustrated in  Figure 5. 

 
Figure 5: Schematic layout plan of Hellerup Station. The connection to the regional tracks, tracks 1 and 2, is not 

shown.  

Finally, the S-train network is currently equipped with two different signalling systems. 

The existing system HKT (abbreviation for HastighedsKontrol og Togstop) is in operation in 

the entire network except the lines (Svanemøllen)-Hellerup -Hillerød as well as Ryparken -

Klampenborg  which are equipped with the new system CBTC . The network is, however, 

in the upcoming years undergoing a change from HKT to CBTC in the entire network. 

This is further commented  on in chapter 3. 

2.3 Metro  
The Copenhagen Metro is an additional public transport system to the S -train. Currently, 

this system consists of three lines, and the fourth line, M4, will open in the beginning of 

2020. The network is situated in three municipalities, Copenhagen, Frederiksberg and 
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Tårnby, and contrary to the S-train network the metro network covers Amager with two 

different lines.  

The infrastructure and rolling stock  in the metro network are owned and managed by 

Metroselskabet, which is in coordination with its owners, the Ministry of Transport and 

Housing as well as the municipalitie s of Copenhagen and Frederiksberg (Ingvardson, 

2019). 

The first part of the network from Nørreport Station towards Vestamager and 

Lergravsparken was finished and opened to the public in 2002. In 2003, the network was 

extended to Frederiksberg and Vanløse upon the former S-train infrastructure , and in 2007 

the line to Lergravsparken was extended to Copenhagen Airport (Den Store Danske, 

2017). The new line M3 called Cityringen was opened to the public September 29th, 2019. 

The network is illustrated geographically in  Figure 6.  

 
Figure 6: Overview map of the current Metro network . 

Since the two different parts, the lines M1 as well as M2 and the new circular line 

Cityring en and the new line towards Nordhavn, are separated, they are illu strated as two 

networks. M1 and M2 are coloured in green while M3 and the upcoming M4 -branch 

towards Orientkaj are coloured in red.  

 

As the S-trainsets, the metro trainsets run on track with the gauge 1,435 mm. However, the 

metro train s are driverless, and the network is completely isolated from the S -train 
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network. It means that this network should be seen as a parallel system to the S-trains, but 

at several stations it is possible to change to the S-trains and regional trains.  Consequently, 

the metro network and the S-train network are combined the major part of the public 

transport network in the Greater Copenhagen Area. 

Contrary to the S-train network, the metro network does not have a fixed timetable but is 

defined as specific time intervals between the trains depending on the time of the day. For 

example, during peak hour s 07.00-09.00 AM and 02.00-06.00 PM the interval will be 2 

minutes on the central part of the lines M1 and M2 from Vanløse to Christianshavn and 4 

minutes on their radial lines towards Vestamager and Copenhagen Airport. In other 

hours, the interval is increased. 

2.4 Other r ailway lines  
In this project, other railways refer to heavy railways/long -distance trains (regional- and 

intercity lines) as well as the local train network in Northern Ze aland and from Køge 

towards Rødvig and Faxe Ladeplads. 

The regional train network in the Greater Copenhagen Area is a parallel network to the S-

train network. These systems are in general isolated from each other, but at some few 

stations there is a connection from the S-train infrastructure  to the regional train network  ɬ 

these are, however, not used in normal operation . All regional trains are operated by DSB 

and for the trains towards Sweden in collaboration with Swedish railway companies.  

At some stations in the S-train network, it is possible to change to the regional train or 

long-distance intercity trains.  The regional train service has several different systems and 

timetables and can be illustrated as both a commuter service and long-distance regional 

trains. The network is illustrated in  Figure 7. 

 
Figure 7: The regional train network in the capital region. The lines are illustrated in green and important stops, such 

as stations which also are S-trai n stations, are also illustrated.   
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In Figure 8, a map showing the regional train lines and their stations is illustrated.  

 
Figure 8: Overview map of the regional train network. Please note that the line to  Copenhagen Airport continues to 

Sweden, but this is out of the project's scope.  Some of the stations are also a stop for long -distance intercity trains.  

Furthermore, the local train service in Northern Zealand as well as to the south of Køge is 

also impor tant for the S-train system since these lines connects the S-train network to other 

towns and cities from where passengers might commute towards Copenhagen. 

The different lines are operated by the railway company Lokaltog  ɬ the transport service 

organisation is, however, Movia  (Ingvardson, 2019). 

The lines in Northern Zealand are the following (with line number):  

¶ Nærumbanen (910): Jægersborg-Nærum (every 20 min, during  rush hour every 10 

min)  
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¶ Frederiksværkbanen (920R): Hillerød -Frederiksværk-Hundested (every 30 min 

and with a fast train every hour)  

¶ Lille Nord (930R):  Hillerød -Helsingør (every 30 min)  

¶ Hornbækbanen (940R):  Helsingør -Hornbæk-Gilleleje (every 30 min) 

¶ Gribskovbanen (950R/960R): Hillerød -Gilleleje/Tisvildeleje (every 30 min) 

 

Two local train lines have their northern terminus at Køge. These are: 

¶ Østbanen (110R/210R): Køge-Hårlev -Faxe Ladeplads/Rødvig (every 30 min) 

A map with the lines  is illustrated in  Figure 9. 

 

 

2.5 Buses 
The bus network in the Greater Copenhagen Area is also included for the route choice 

calculation in this project. The bus network consists of different lines among several 

categories such as A-buses, S-buses and the regional R-buses. The primary focus, however, 

in this project  is the railway systems which means that the bus network is mentioned only 

briefly.  

 

Figure 9: Overview of local train lines as adjacent networks to the S -train network.  
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2.6 Planned extensions of the network  
In order to determine the potential for an extension of the S-train network in the future, it 

is necessary to make clear how the planned future public transport network will be 

developed. For this purpose, the following current projects under construction and further 

planned projects within the Greater Copenhagen Area and in its surroundings are 

described in detail in this chapter. Only pro jects, which are mentioned in the report 

ɁTrafikplan for den statslige jernbane 2017-2032ɁȮɯÈÙÌɯÈÚÚÜÔÌËɯÛÖɯÉÌɯÈËÖ×ÛÌËɯÈÕËɯ

implemented. However, a few other projects which could have an influence for the S -train 

network are also mentioned briefly.  

2.6.1 Trafikpla n 2032 

3ÏÌɯÙÌ×ÖÙÛɯɁTrafikplan for den statslige jernbane 2017-2032ɂɯ×ÙÌÚÌÕÛÚɯÛÏÌɯËÐÍÍÌÙÌÕÛɯÜ×ÊÖÔÐÕÎɯ

projects for the state-owned railways and stations in the upcoming years. The projects 

include in general new railway lines, upgrading of existing railways as well as new 

stations. Furthermore, the expected development in the number of passengers and 

passenger kilometres is also presented in the light of the future train service in 2022, 2027 

and 2032 (Danish Transport, Construction and Housing Agency, 2017) . The report 

presents the upcoming projects for the entire country including new regional service in 

other parts of Denmark as well as new intercity  service, but since this project is limited to 

the capital region, only the proj ects concerning the capital region are introduced. 

 

2022: 

¶ The new line between Copenhagen and Ringsted is opened 

¶ New regional train service Copenhagen-Køge-Næstved 

¶ The operator Lokaltog operates the regional trains/local trains from Roskilde to 

Køge and towards Faxe Ladeplads and Rødvig 

 

The following traffic plans inherits the same projects and present new ones. 

 

2027: 

¶ Ring Syd is introduced - two regional trains run towards Ny Ellebjerg and 

Copenhagen Airport instead of Copenhagen Central Station (this in cludes new 

platforms on Ny Ellebjerg Station)  

¶ The train service Kystbanen is separated from the train service across Øresund to 

Sweden and is linked to other regional lines on Zealand 

¶ The new metro line Sydhavnsmetroen is opened 

¶ The new light rail line on Ring 3 is opened 

 

2032: 

¶ New Fehmarn Fixed Link is opened to the public.  

 



 

 

 
Master Thesis 2020 

 

  

28 

2.6.2 S-train network  

Currently, no new lines or extensions of the network are decided  according to the report 

ɁTrafikplan for den statslige jernbane 2017-2032ɂ. However, the 

S-train netwo rk is in the upcoming years undergoing change. 

First of all, new stations will be constructed and implemented 

and the newest station is Køge Nord, which was finished and 

opened in May 2019 when the new Copenhagen-Ringsted line 

was opened. 

Furthermore, two  new stations are decided and will undergo 

construction in the following years. These are: 

 

Vinge:  The station will be  located in Frederikssund 

Municipality. This station will serve the  new town Vinge 

which will be developed in the upcoming 10 years and t he 

population is estimated to 10,000-20,000 inhabitants 

(Frederikssund Kommune, 2019). The new station will be 

located at the Frederikssund-branch (see Figure 10) and 

served by the lines C and H. The station is expected to be 

opened in summer 2020 (Banedanmark, 2019). 

5ÐÕÎÌɯ2ÛÈÛÐÖÕɯÞÈÚɯÔÌÕÛÐÖÕÌËɯÐÕɯÛÏÌɯÙÌ×ÖÙÛɯɁOptimering af 

ÚÛÈÛÐÖÕÚÚÛÙÜÒÛÜÙÌÕɂɯfrom 2014 by the Danish Transport Agency 

(today Danish Transport, Construction an d Housing Agency). At this time, an estimated 

number of 450 passengers on a normal weekday was the basis. However, this number of 

×ÈÚÚÌÕÎÌÙÚɯÐÚɯÊÖÕÚÐËÌÙÌËɯÛÖɯÉÌɯɁÝÌÙàɯÓÖÞɂɯÍÖÙɯÈÕɯ2-train station , but the report states a 

potential for opening the station pr ovided that the urban development is continued  and 

since the capacity consumption on the line is not critical. 

This station is also included in LTM.  

 

Favrholm: The upcoming Favrholm Station will be located 

in Hillerød Municipality  south of Hillerød.  This will serve 

the new hospital close to the station and the S-trains on line 

A as well as the local railway towards Frederiksværk and 

Hundested will stop at the station  (see Figure 11). 

Furthermore, Favrholm Station should also contri bute to 

urban development in the southern parts of Hillerød as 

well as being an ideal station for commuters 

(Banedanmark, 2019)ȭɯ3ÏÌɯÙÌ×ÖÙÛɯɁOptimering af 

stationsstrukturenɂɯestimated a number of passengers of 

1,100 on a normal weekday. In this report, Favrholm is 

ÕÈÔÌËɯɁ'ÐÓÓÌÙĦËɯ2àËɂȭ 

Figure 10: Location of Vinge 

Station between Frederikssund 

and Ølstykke along the 

Frederikssund line.  

Figure 11: Location of Favrholm  

Station between Hillerød  and 

Allerød . The station will also be 

served by the local railway to 

Frederiksværk and Hundested.  
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The station is expected to be opened in 2021 and the new hospital in 2022. Hence, it w ill be 

included in the analysis  since it is already included in LTM.  

 

Two more locations are mentioned as a potential for new stations. The first one is 

Priorparken in Brøndby Municipality which is located at the industrial parks Priorparken 

and Vibeholm.  This new station will then be located between the existing stations 

Brøndbyøster and Glostrup. Hovedstadens Udviklingsråd (HUR) concluded in 2003 that 

this area had good development opportunities and t here should be a potential for a new 

ÚÛÈÛÐÖÕȭɯ3ÏÌɯÙÌ×ÖÙÛɯɁFingerplan 2013ɂɯÈÓÚÖɯÓÐÚÛÌËɯÛÏÐÚɯÚÛÈÛÐÖÕɯÈÚɯÈɯÕÌÞɯÚÛÈÛÐÖÕɯÍÖÙɯ2-trains. 

However, there are no plans for the establishment of this station (Glostrup Kommune, 

2015)ȭɯ+ÐÒÌÞÐÚÌȮɯÛÏÌɯÙÌ×ÖÙÛɯɁOptimering af stationsstrukturenɂɯÚÛÈÛÌÚȮɯÛÏÈÛɯÛÏÐÚɯÚÛÈÛÐÖÕɯÊÈÕÕÖÛɯ

be recommended until an urban development in this area will be established, ev en though 

that the station was considered to get 2,500 passengers on an average weekday (Danish 

Transport Agency, 2014). 

 

The other station is Trylleskov Strand in Solrød Municipality . This station will be located in 

the new urban area Trylleskov Strand and according to the municipality the line towards 

Køge is already prepared for a new station. Currently, the station is not  decided since the 

decision will be adopted in 2020 at the earliest (Solrød Kommune, 2018) and the exact 

location is unclear. Furthermore, the number of daily passengers on an average weekday 

was in 2014 estimated to 550 which is a low number for an S-train station (Danish 

Transport Agency, 2014).  

Since both stations are not decided or included in LTM they will not be included in the 

analysis. 

 

Furthermore, the S-train network is currently undergoing a major change; the existing 

signalling  system and ATP-system HKT (Ɂ'ÈÚÛÐÎÏÌËÚÒÖÕÛÙÖÓɯÖÎɯ3ÖÎÚÛÖ×ɂȺɯ(Landex, Rail 

Traffic Engineering - Spring 2014, 2014) will be fully replaced by the new signalling  

ÚàÚÛÌÔɯ"!3"ɯȹɁ"ÖÔÔÜÕÐÊÈÛÐÖÕɯ!ÈÚÌËɯ3ÙÈÐÕɯ"ÖÕÛÙÖÓɂ) because the existing signals and 

interlocking systems are old (Banedanmark, 2019). The new CBTC-system is at the present 

moment in operation on the lines (Svanemøllen)-Hellerup -Hillerød and Ryparken -

Hellerup -Klampenborg. The line Jægersborg-Hillerød was the first line with the CBTC -

system in operation in 2016 and the lines (Svanemøllen)-Hellerup -Jægersborg and 

Ryparken-Hellerup -Klampenborg followed in  May 2019. It is expected that the roll-out of 

CBTC on all lines will be completed in 2021/2022 with the lines Carlsberg-

Frederikssund/Høje Taastrup as the final parts (Banedanmark, 2018). Therefore, the 

signalling  system in possible extensions of the network will be based on this technology 

and it is assumed that the roll-out is already completed before extensions are established. 

The technology behind CBTC will be elaborated in chapter  4.5. 
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2.6.3 Metro lines   

The newest line in the Copenhagen metro network is Cityringen which was opened to the 

public September 29th, 2019. Furthermore, the new line M4 to Nordh avn with the terminus 

Orientkaj  will be opened in the beginning of 2020 (Metroselskabet I/S, 2019). 

In 2024, the new line Sydhavnsmetroen between the metro station at Copenhagen Central 

Station and Ny Ellebjerg will be finished . This line will be an extension to  the line 

Nordhavnsmetro en, M4, from Copenhagen Central Station to Orientkaj.  The new line will 

be constructed with five new stations:  

¶ Havneholmen  

¶ Enghave Brygge 

¶ Sluseholmen 

¶ Mozarts Plads 

¶ Ny Ellebjerg (terminus)  

The new metro line, which is illustrated in  Figure 12 below, is expected to get 29,000 daily 

passengers in 2035. On a yearly basis, it corresponds to 9m passengers (Metroselskabet I/S, 

2018). 

 
Figure 12: Alignment for Sydhavnsmetroen to be opened in 2024.  

Furthermore, new plans are currently going on f or extending the metro network to new 

locations outside Copenhagen and Frederiksberg as well as Tårnby Municipality on 

Amager. 11 municipali ties in the environs of Copenhagen suggest a new line to Rødovre 

with expected 30,000 passengers on an average day as well as a new line from Vanløse to 

Herlev (Omegnskommunerne, 2018). 
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Another line towards Lynetteholmen, a pos sible new urban area at Prøvestenen, was 

proposed by the previous government in 2019 in its proposal for the future development 

of the capital. Here, it was proposed that Nordhavnsmetroen could be extended to 

Lynetteholmen or at least a feasibility study of the new line should be investigated 

(Regeringen, 2019). In the meantime, the municipality of Copenhagen suggests a line from 

Copenhagen Central Station to Refshaleøen with an extension towards Lynetteholmen 

(Bindkilde, 2018). 

 

Even more lines have been investigated by Metroselskabet: TÏÌɯÙÌ×ÖÙÛɯɁForlængelse fra Ny 

Ellebjergɂ mentions a metro or a light rail line towards Hvidovre Hospital and Bispebjerg 

Hospital with Ny Ellebjerg Station as the star ting point (Metroselskabet I/S, 2019) as new 

extensions. 

 

It can be concluded that there are many plans for extending the metro network in 

Copenhagen at the current moment. However, the new lines from the report by 

Metroselskabet are not decided yet and since the report is based on a screening, it is 

considered that there is a high uncertainty about the alignment as well as the number and 

location of stops. Hence, in this analysis the new lines will not be included but when the  

decision about new extensions of the S-train network is going on, it might be necessary to 

include them in further analyses.  

2.6.4 Light rail  

In 2025, a new transport mode is implemented in the network of public transport in the 

Greater Copenhagen Area: Light r ail. The light rail line, Hovedstadens Letbane, will 

operate between Lyngby and Ishøj with Lundtofte and Ishøj Station as termini.  The line 

itself has a length of 28 km and the main part of its alignment will be constructed along 

the orbital road Ring 3. The map in Figure 13 illustrates the alignment and location of 

stops. 

 

Furthermore, 29 stations will be constructed along the line and the headway will be 5 min 

between departures in daytime  on weekdays and 10 min in evening and on weekends 

(Hovedstadens Letbane, 2015). Since this project already is undergoing construction, it is 

also included in LTM and therefore included in route choice analyses.  
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Figure 13: Alignment for the u pcoming light rail line in Ring 3 with main stops located at S -train stations.  

Another line, that might be established in the future, is a light rail line from Nørrebro 

Station to Gladsaxe Trafikplads. At Nørrebro Station it is possible to change to the S-train 

line F as well as the new metro line Cityringen (M 3), and at Gladsaxe Trafikplads it is 

possible to change to the upcoming light rail line along Ring 3 (Københavns Kommune, 

Gladsaxe Kommune and Region Hovedstaden, 2018). But since this project currently is 

based on a screening and the alignment and stations are not decided yet, it is decided to 

not include this project in the analysis.  

2.6.5 New railway lines  

Two new railway projects will probably be conducted in the upcoming y ears. The first 

project is Ring Syd which makes it possible to schedule direct regional trains from Roskilde 

as well as intercity trains from western parts of Denmark to Copenhagen Airport via Ny 

Ellebjerg Station. Furthermore, it will also be possible to reroute the trains towards 

Copenhagen Airport instead of Copenhagen Central  Station. The main purpose is to 

reduce the travel time for passengers travelling from the western parts of the Greater 

Copenhagen Area instead of changing at Copenhagen Central Station . 

The basis for this plan is to establish new platforms at Glostrup Station for regional trains. 

Thus, the passengers can change to S-trains, the new light rail line along Ring 3 as well as 

several bus lines. New platforms for trains towards the airpor t at Ny Ellebjerg Station 

were funded in 2018 (Transport -, Bygnings- og Boligministeriet, 2019). The basis for 
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decision by Banedanmark from 2017 lists different scenarios for implementing Ring Syd 

depending on number of new pla tforms for regional trains at the stations Glostrup and 

Ørestad. This is illustrated in  Figure 14 below. 

 
Figure 14: Overview and alignment for Ring Syd as proposed by Banedannmark.  

No public timetables ar e published for Ring Syd at the present moment and in order to 

assume the train service in this system the timetables in the National Transport Model are 

studied. Hereby, it can be confirmed that two regional train services every hour are 

operated to Copenhagen Airport via Ny Ellebjerg: One line from Holbæk and Roskilde 

and one line from Ringsted via Roskilde. It  means that a train runs between Copenhagen 

Airport  and Roskilde every 30 minutes in both directions. However, these trains do  not 

stop at Glostrup Station even though it is mentioned in the overview map from 

Banedanmark. 

 

At the terminus for line A in the S -train network, Hillerød, another project might be 

implemented in the upcoming years. In collaboration with DSB, Lokaltog, Movia, Hillerød 

Munici pality, the Capital Region of Denmark and the Ministry for Transport and Housing, 

Banedanmark has started an analysis about rebuilding Hillerød Station (Thygesen, 2019). 

With the reconstruction, the platform tracks for Frederik sværkbanen will be connected to 

the platform tracks for the lines Gribskovbanen and Lille Nord, and as a result it will be 

possible to run the local trains directly to the new hospital at Favrholm Station  

(Banedanmark, 2017). 

Since the project is undergoing an analysis it is not determined yet how the station will be 

reconstructed and a new timetable is not presented. Hence, the project is not included in 
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this analysis, but it  should be investigated when the decision for the fu ture track layout as 

well as timetable has been conducted. 

 

2.6.6 New bus network  

Because of the new metro line, Cityringen, which was opened to the public September 29th, 

2019, the bus network in several municipalities in the Greater Copenhagen Area is 

changed to the new network named Nyt Bynet. This new network is adapted to the new 

extended metro network and 33 bus lines got new route or were discontinued and 

replaced by other routes (Din Offentlige Transport, 2019). 

For this project, the new bus network should be implemented in the assignment model in 

order to create the most realistic public transport network with an S-train extension. 

However, this network is not included in the National Transport Model (LTM)  and since it 

would be time consuming to digitalise the new bus network in the model, it has been 

decided not to include this network and keep the previous network which is included in 

LTM. Therefore, Nyt Bynet is not handled in this project.  

3 New tunnel for S -trains  
This chapter investigates the introduction of the primary element of the study in this 

project: The extension of the S-train network. The chapter is introduced with an 

explanation of the applied method to this part and it will also introduce the analys is for 

concluding the need for an extension of the network. 

Furthermore, the chapter introduces the idea behind the specific alignment and the two 

alternatives in the study.  

3.1 Method  
The evaluation for the need is based on four main factors: Forecast for population 

development and development in road traffic, current and future capacity consumption in 

the S-train  network, data about delays in the S-train network and travel time reductions 

from other projects. These factors are selected since they all together demonstrate that one 

S-train tunnel is a bottleneck for the network. With the population forecasts it will be 

demonstrated that the populations in the municipalities are growing  which will result in a 

higher demand for transport towards Copenhagen if the passengers commute towards the 

city centre. The population forecasts are based on data from Statistics Denmark which has 

data about population forecasts for all municipalities in Denmark.  

 

Another  primary measurements in this chapter to investigate the need for an extension of 

the network is the capacity consumption which is introduced in this chapter. The capacity 

consumption before the extension will be evaluated in two steps:  

1. The capacity consumption in the existing Boulevard Tunnel  between Østerport and 

Copenhagen Central Station is evaluated before the roll-out of the new signalling 
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system CBTC. This is done on basis of literature that investigates the capacity 

consumption with the existing signalling system in the Boulevard Tunnel , HKT. 

2. The capacity consumption after the roll -out of CBTC is also investigated. This 

procedure, in combination with the so -called UIC 406-method, is applied to a 

model in RailSys which includes the existing infrastructure in the S -train network.  

The S-train network is in this case divided into different sections since these sections are 

characterised with skip-stop-service. One example is the line Hellerup-Hillerød which is 

divided into the sections Hellerup -Holte and Holte -Hillerød.  

It is considered that the UIC 406 method is a reliable method for investigating the future 

capacity consumption since it is well defined and already used by Banedanmark to 

investigate capacity consumptions and identify bottlenecks in the railway network.  

 

The data about delays in the S-train network are provided  by DSB which is the operating 

company for the S-trains. The data illustrates all registered incidents on all stations if the 

incident caused a delay or a cancellation. This data is investigated in order to demonstrate 

that incidents are likely to occur in  the network and especially on the central part 

Dybbølsbro-Svanemøllen. Furthermore, it will also be investigated if incidents with 

signalling and interlocking failures in the network still are a major cause for delays and if 

the new signalling system will  remove the majority of the delays. 

Since the delays and cancellations are caused by several kinds of incidents, it is chosen to 

present the four kinds of incidents which account for the majority of the delays and 

cancellations. 

Finally, a suggestion for a new S-train tunnel is based on a proposal from Ekspresgruppen 

who suggests a specific alignment for an S-train tunnel. It is chosen to adopt this proposed 

ÈÓÛÌÙÕÈÛÐÝÌɯÍÖÙɯÛÏÌɯ×ÙÐÔÈÙàɯÌÓÌÔÌÕÛɯÐÕɯÛÏÐÚɯÙÌ×ÖÙÛɀÚɯÐÕÝÌÚÛÐÎÈÛÐÖÕÚȭɯIt means that the scope 

and pur pose of this report are not about designing the optimal alignment for a new S -train 

tunnel but to investigate and compare two proposed alternatives. It is also considered that 

the proposed alignment for a new tunnel compromise s the other investigations in this 

chapter. 

3.2 The need for more trains  
The existing line between Dybbølsbro and Svanemøllen is today one of the primary 

characterisations the S-train network in the Greater Copenhagen Area since all lines except 

line F run through this central part.  As it will be demonstrated in chapter 3.3, the current 

capacity consumption on the central part during peak hour s is very high and exceeds the 

recommended limit.  

The maximum number of 30 S-trains through the central part of the networ k is therefore 

considered as to be reached. However, this limit has actually been reached for many years 

which is illustrated in Figure 15. 
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Figure 15: Number of trains on the suburban tracks (the current S-train trac ks) in central Copenhagen during peak 

hour s (Landex, 2014). 

Figure 15 illustrates that the number of 30 trains p er hour in each direction during peak 

hours was actually reached in the middle of the 1980s. However, the number was later 

reduced due to works with , among other things, the first metro lines and  an upgrade of 

'*3ɯȹ+ÈÕËÌßȮɯƖƔƕƘȺȭɯɂ.ÛÏÌÙɯÛÙÈÐÕÚɂɯÜÕÛÐÓɯÛÏÌɯÌÕËɯÖÍɯÛÏÌɯƕƝƚƔÚɯÞÌÙÌɯÙÌ×ÓÈÊÌËɯÉàɯÛÏÌɯÌÓÌÊÛÙÐÊɯ

S-trains since the remaining lines in the S-train network wer e electrified. 

 

With the metro lines, the high number of S -trains in the central part forms and will 

continuously form a high -headway network of public transit trains in the municipalities of 

Copenhagen and Frederiksberg. In the future, the demand for transport is expected to 

grow since the population in both municipalities is growing. In the upcoming 25 years it is 

expected that the growth in the population in Municipality of Copenhagen will increase 

by 20%, and in Frederiksberg a growth by  only  5% is expected. This is illustrated by the 

graph in  Figure 16. 

 
Figure 16: Population measurement and forecast for the municipalities of Copenhagen and Frederiksberg (Statistics 

Denmark, 2019). 2019 is chosen as the basis year. 










































































































































































































